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Description
BACKGROUND

[0001] Somedevices (e.g., radar)use electromagnetic
signals to detect and track objects. The electromagnetic
signals are transmitted and received using one or more
antennas. An antenna may be characterized in terms of
gain, beam width, or, more specifically, pattern, which is
a measure of the gain as a function of direction. A pre-
cisely controlled pattern may improve applications that
require electromagnetic signals, and a waveguide may
be used to improve such characteristics. The waveguide
can include perforations or radiating slots that guide ra-
diation near the antenna. Grating lobes, or secondary
main lobes, may arise when the perforation spacing is
greater than one-half wavelength of the transceiver sig-
nal.

[0002] Cheng Huang et al. describe "The Rectangular
Waveguide Board Wall Slot Array Antenna Integrated
with One Dimensional Subwavelength Periodic Corru-
gated Grooves and Atrtificially Soft surface Structure”; In-
ternational Journal of Infrared and Millimeter Waves, Vol.
30, No. 4, 2008; XP019677088.

[0003] US 2020/287293 A1 discloses an antenna de-
vice including a substrate.

[0004] Ogiwara T. et al. describe "2-D MoM Analysis
of the Choke Structure for Isolation Improvement be-
tween Two Waveguide Slot Array Antennas"; Asia-Pa-

cific  Microwave  Conference @ (APMC) 2007;
XP031280334.
SUMMARY
[0005] This document describes techniques,

waveguides for suppression of grating lobes, and sys-
tems comprising said waveguide and a radar system for
transceiving the electromagnetic waves detected using
said waveguide for suppression of grating lobes. The
waveguide includes a pipe containing a dielectric, the
pipe defining an open end to a longitudinal direction
through the pipe, and further including an array of radi-
ating slots through a surface of the pipe and in commu-
nication with the dielectric. The waveguide furtherinclud-
ing at least one parasitic groove: separate from the pipe;
in a same surface as the array of radiating slots; with at
least a portion that is parallel to the array of radiating
slots; outside an area of the surface corresponding to the
pipe; and spaced a first distance from the array of radi-
ating slots such that the at least one parasitic groove is
configured to suppress the grating lobes of the radiation
pattern of the array of radiating slots.

[0006] The invention is set out in the appended set of
claims.

[0007] Insome examples, asystem may include a cou-
pler, a transceiver operable upon actuation to interact
with electromagnetic waves associated with the coupler,
and a waveguide. The waveguide includes a pipe for cap-
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turing the electromagnetic waves and containing a die-
lectric, the pipe defining an open end to a longitudinal
direction through the pipe. The waveguide further includ-
ing an array of radiating slots through a surface of the
pipe and in communication with the dielectric, and atleast
one parasitic groove separate from the pipe and with at
leastaportion thatis parallel to the array of radiating slots.
[0008] In this way, the waveguide provides an antenna
pattern where grating lobes are suppressed or substan-
tially reduced. This document also describes other con-
figurations and systems for providing lobe suppression.
[0009] This Summary introduces simplified concepts
related to lobe suppression for waveguides with lobe sup-
pression, which are further described below in the De-
tailed Description and Drawings. This Summary is not
intended to identify essential features of the claimed sub-
ject matter, nor is it intended for use in determining the
scope of the claimed subject matter.

BRIEF DESCRIPTION OF THE DRAWINGS

[0010] The details of one or more aspects of
waveguides with lobe suppression are described in this
document with reference to the following drawings. The
same numbers are used throughout the drawings to ref-
erence like features and components:

Fig. 1 illustrates an example system with an example
waveguide with lobe suppression, in accordance
with one or more implementations of the present dis-
closure;

Fig. 2A illustrates a top-down view of an example
waveguide with lobe suppression, in accordance
with one or more implementations of the present dis-
closure;

Fig. 2B illustrates a plan view and radiating pattern
of the example waveguide shown in 2A;

Fig. 3A illustrates a cross-sectional side view of an
example waveguide with lobe suppression, in ac-
cordance with one or more implementations of the
present disclosure;

Fig. 3B illustrates a side view of radiated grating
lobes, in accordance with one or more implementa-
tions of the present disclosure;

Fig. 4 illustrates a top-down view of an example
waveguide with lobe suppression, in accordance
with one or more implementations of the present dis-
closure;

Fig. 5 illustrates a top-down view of an example
waveguide with lobe suppression, in accordance
with one or more implementations of the present dis-
closure; and

Fig. 6 illustrates an example method performed with
a waveguide with lobe suppression, in accordance
with one or more implementations of the present dis-
closure.
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DETAILED DESCRIPTION
OVERVIEW

[0011] Radar systems are a sensing technology used
in many industries (including the automotive industry) to
acquire information about the surrounding environment.
An antenna, such as one described herein, may be em-
ployed in radar systems to transmit and receive electro-
magnetic energy or signals. Such a radar system may
use multiple antenna-elements in an array to provide in-
creased gain and directivity over what can be achieved
using a single antenna-element. As taught herein, signals
from the individual elements are combined with appro-
priate phases and weighted amplitudes to provide the
desired antenna-reception pattern during reception. The
antenna arrays are also used in transmission, splitting
signal power amongst the elements and using appropri-
ate phases and weighted amplitudes to provide the de-
sired antenna transmission pattern.

[0012] Consider, for example, a waveguide employed
to transfer electromagnetic energy to and from the an-
tenna elements. The waveguide can include an array of
radiating slots. The radiating slots represent apertures
of the waveguide, which may be arranged to provide de-
sired phasing, combining, or splitting of signals and en-
ergy. As an example, the radiating slots, which may also
sometimes referred to as apertures, may be equally
spaced in a surface of the waveguide, along a propaga-
tion direction of the electromagnetic waves. The radiating
slots may cause grating lobes to appear in an antenna
pattern. The size and shape of the grating lobes are
based on the spacing and arrangement of the array of
radiating slots. Reduced form factors may cause unde-
sired grating lobe propagation according to ratios be-
tween radiating slot lengths, radiating slot spacing, wave-
lengths of the electromagnetic signal, and other organi-
zational factors associated with the waveguide. The ge-
ometry of the waveguide may be adjusted, or the radiat-
ing slots may be rearranged in an attempt to reduce grat-
ing lobes below design specifications.

[0013] In contrast to this and other techniques, a
waveguide with lobe suppression is described. To sup-
press grating lobes in an antenna pattern, the waveguide
includes at least one parasitic groove that is separate
from the pipe and with at least a portion that is parallel
to the array of radiating slots. The at least one parasitic
groove has a uniform narrow width and uniform depth
and is spaced apart from an array of radiating slots to
achieve the desired lobe suppression. The parasitic
groove is in a same surface of the waveguide, which de-
fines the array of radiating slots. This parasitic groove
may be defined according to various geometric shapes.
As one example, the grooves may be linear and arranged
in parallel to the radiating slots. In this way, the waveguide
provides an antenna pattern where grating lobes are sup-
pressed or substantially reduced.

[0014] Theexamplewaveguide may be particularly ad-
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vantageous for use in an automotive context, for exam-
ple, detecting objects in a roadway. The grating lobes
can indicate false detections within an automotive radar
field-of-view. Suppressing these grating lobes improves
accuracy of the radar as the number of false detections
is reduced.

[0015] In this way, the present disclosure describes
lobe suppression with a waveguide. Indeed, such appli-
cation of this and other examples provided in this disclo-
sure increased radiation performance of a waveguide.
These are but a few examples of how the described tech-
niques and devices may be used to suppress grating
lobes for multi-element waveguides. The document now
turns to an example operating environment, after which
example devices, methods, and systems are described.

EXAMPLE SYSTEM

[0016] Fig. 1 illustrates an example system 100 that
includes a waveguide 102 in accordance with tech-
niques, waveguides, and systems of this disclosure. The
system 100 includes the waveguide 102, a coupler 108,
a transceiver 110. The transceiver 110 may be operable
upon actuation to interact with electromagnetic waves
associated with the coupler 108 and the waveguide 102.
[0017] The transceiver 110 may be a variety of com-
ponents and may be a receiver or transmitter only. The
coupler 108 is a link between the transceiver 110 and
the waveguide 102 and may be a coaxial cable or another
implement that connects through the open end 112 of
the waveguide 102, forming an antenna assembly. The
open end 112 may be opposite a closed end of the pipe
104. The open end 112 may define an opening such that
the open end borders the dielectric 114 and defines an
opening to a channel 116 through the pipe 104.

[0018] The waveguide 102 includes a pipe 104. The
pipe 104 may comprise various materials having various
geometric shapes. The pipe 104 may be formed from
metal to have a rectangular cross-section. Other non-
exhaustive examples include cylindrical or square cross-
sections.

[0019] The pipe 104 includes an array of radiating slots
118 arranged on a surface 106 of the waveguide 102.
The radiating slots 118 are in communication with the
dielectric 114, allowing electromagnetic waves propagat-
ed through the dielectric to bidirectionally flow through
the radiating slots 118. The dielectric 114 may be any
material. As an example, the dielectric 114 may be air
from an environment surrounding the waveguide 102.
Dielectric contained within the pipe 104 of the waveguide
102 may be reduced or removed to generate a vacuum
volume defined by the waveguide 102.

[0020] Separate from the pipe 104, the waveguide 102
includes a parasitic groove 120. The parasitic groove 120
may be implemented as various geometric shapes. In
one example, the parasitic groove 120 may be linear and
defined in parallel to the radiating slots 118. A second
parasitic groove 122 of the waveguide 102 may be sep-
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arate from the pipe 104. The second parasitic groove 122
may be similar to the parasitic groove 120 but on an op-
posite side of the radiating slots 118. The parasitic
grooves 120, 122 may be defined anywhere on the pipe
104 and may be on a same side of the radiating slots 118
to achieve a particular suppression of grating lobes.
[0021] The pipe 104 defines a longitudinal direction
128 and a latitudinal direction 126 perpendicular to the
longitudinal direction 128. The parasitic grooves 120, 122
may be in parallel to the longitudinal direction 128. A prop-
agation direction defined in the direction of electromag-
netic waves traversing the pipe 104 and emanating from
the coupler 108 may also be in parallel with the longitu-
dinal direction 128. In this way, the parasitic grooves 120,
122 may be in parallel to the propagation direction of the
electromagnetic waves that traverse the pipe 104.
[0022] Fig. 2A illustrates a top-down view of an exam-
ple waveguide 102-1 with lobe suppression, in accord-
ance with one or more implementations of the present
disclosure. The waveguide 102-1 shown in Fig. 2A illus-
trates similar components to those depicted in Fig. 1 and
is therefore an example of the waveguide 102-1. The
pipe 104 defines a surface 106. Radiating slots 118 may
be defined by the pipe 104 through the surface 106. First
radiating slots 204, 208, 212, and 216 are arranged in a
first row 200, and the first row 200 may be parallel to the
longitudinal direction 128. The first radiating slots 204,
208, 212, and 216 may define respective first centroids
206, 210, 214, and 218. In an example, centroids may
be defined as a geometric center of the respective shape
or radiating slot. Second radiating slots 220, 224, and
228 are arranged in a second row 202, and the second
row 202 may be parallel to the longitudinal direction 128.
The second radiating slots 220, 224, and 228 may define
respective second centroids 222, 226, and 230. The ra-
diating slots 204, 208, 212, 216, 220, 224, and 228 may
be slots defined to radiate electromagnetic waves prop-
agated through the pipe 104. The radiating slots 204,
208, 212, 216, 220, 224, and 228 may be various geo-
metric shapes. The radiating slots 204, 208, 212, 216,
220, 224, and 228 may be defined within boundaries of
the channel 246 (as shown in Fig. 2A), communicating
with the dielectric 114 or empty space defined therein.
[0023] The first row 200 may be interleaved with the
second row 202. As an example, the first row 200 over-
laps with the second row 202 in the longitudinal direction
128. The first radiating slots 204, 208, 212, and 216 al-
ternate with the second radiating slots 220, 224, and 228
in the longitudinal direction 128 forming a row or pseudo
row (e.g., radiating slots 204, 220, 208, 224, 212, 228,
and 216). The first radiating slots 204, 208, 212, and 216
may be spaced from the second radiating slots 220, 224,
and 228 in the latitudinal direction 126 according to the
respective centroids 206, 210, 214, 218, 222, 226, and
230. The first centroids 206, 210, 214, and 218 may be
aligned in the longitudinal direction 128, and the second
centroids 222, 226, and 230 may be aligned in the lon-
gitudinal direction 128.
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[0024] In an example, parasitic groove 120 is defined
on the surface 106, and the parasitic groove 120 is de-
fined in parallel with the longitudinal direction 128. As
such, the parasitic groove 120 may be in parallel with the
first row 200 and the second row 202.

[0025] The parasitic groove 120 is spaced a first dis-
tance 242 from the first centroids 206, 210, 214, and 218
and spaced a second distance 244 from the second cen-
troids 222, 226, and 230. The parasitic groove 120 may
be spaced from the first centroids 206, 210, 214,and 218
and the second centroids 222, 226, and 230 in the lati-
tudinal direction. In an example, the parasitic groove 120
defines a length 234. The length 234 may be defined as
the longest measure between edges of the parasitic
groove 120 and may be uniform or non-uniform across
the groove 120. In the example, the length 234 is greater
than a first-row length 410 (as shown in Fig. 4). The first-
row length 410 may be a collective length of all of the
radiating slots 204, 220, 208, 224, 212, 228, and 216. In
another example, the collective length may be the first-
row length 410 added to the second-row length 412. The
length 234 may also be greater than a second-row length
412 (also shown in Fig. 4).

[0026] Intheexample,the parasiticgroove 120 defines
a width 236. The width 236 is defined in the latitudinal
direction 126 and may be less than a radiating slot width
232. The radiating slot width 232 may be uniform or non-
uniform for all of the radiating slots 204, 208, 212, 216,
220, 224, and 228 or across all of the radiating slots 204,
208, 212, 216, 220, 224, and 228. In the example, the
width 236 is related to a width of the radiating slots 204,
208,212,216, 220, 224, and 228, and the width 236 may
be uniform or non-uniform across the parasitic groove
120.

[0027] A second parasitic groove 122 may be defined
on the surface 106. The second parasitic groove 122 and
the parasitic groove 120 may bound one or more of the
radiating slots 204, 208, 212, 216, 220, 224, and 228 in
one or more directions. The parasitic groove 120 and the
second parasitic groove 122 may bound the radiating
slots 204, 208, 212, 216, 220, 224, and 228 in the longi-
tudinal direction 128 (as shown). In an example, the sec-
ond parasiticgroove 122 defines alength 238 and a width
240. The length 238 and the width 240 may be uniform
or non-uniform across respective portions of the second
parasitic groove 122. The length 238 may be equal to
the length 234, and the width 240 may be equal to the
width 236. As such, the second parasitic groove 122 may
be in parallel with the first row 200 and the second row
202. The second parasitic groove 122 may be spaced
the first distance 242 from the second centroids 222, 226,
and 230 and spaced the second distance 244 from first
centroids 206, 210, 214, and 218. The parasitic groove
120 may be spaced from the first centroids 206, 210,
214, and 218 and the second centroids 222, 226, and
230 in the latitudinal direction.

[0028] Fig. 2B illustrates a plan view and radiating pat-
tern 254 of the example waveguide shown in 2A. When
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propagating, the pipe 104 radiates electromagnetic
waves similar to radiation pattern 254 with respect to the
defined longitudinal direction 128 and latitudinal direction
126.

[0029] The radiation pattern 254 includes a main lobe
256 and associated grating lobes 258, 260, 262, 264,
and 266. The grooves 120 and 122 depicted in Fig. 2A
may be defined to reduce the grating lobes 258, 260,
262, 264, and 266. The effect of the parasitic grooves
120 and 122 may be to suppress the grating lobes 258,
260, 262, 264, and 266 below negative twenty decibels
for use in various applications, which reduces noise and
interference with the associated signal.

[0030] Fig. 3Allustrates a cross-sectional side view of
an example waveguide 102-2 with lobe suppression, in
accordance with one or more implementations of the
present disclosure. The waveguide 102-2 is an example
of the waveguide 102 and 102-1.

[0031] A cross-section of the pipe 104 is shown per-
pendicular to the longitudinal direction 128 and the lati-
tudinal direction 126. The pipe 104 includes a surface
106 defining the parasitic groove 120 and the second
parasitic groove 122, along with radiating slots 212 and
228. The pipe 104 may define an outer diameter 300 and
an inner diameter 304. The dielectric 114 may fill the
inner diameter 304. The inner diameter 304 may be de-
fined by the channel 116.

[0032] The parasitic groove 120 defines a depth 310.
The depth 310 may be uniform or non-uniform across
the entire parasitic groove 120. The depth 310 may in-
clude a portion that is less than the outer diameter 300.
In another example, the depth 310 includes a portion that
is less than the inner diameter 304. The parasitic groove
120 may be defined by a wall or walls 308 perpendicular
to the surface at a vertex 306 of the walls 308 and the
surface 106.

[0033] The second parasitic groove 122 defines a
depth 312. The depth 312 may be uniform or non-uniform
across the entire second parasitic groove 122. The depth
312 may include a portion that is less than the outer di-
ameter 300. In another example, the depth 312 includes
a portion that is less than the inner diameter 304.
[0034] Fig. 3B illustrates a side view of radiated grating
lobes, in accordance with one or more implementations
of the present disclosure. The pipe 104 defines the radi-
ation pattern 254 according to the parasitic grooves 120
and 122 and the radiating slots 204, 208, 212, 216, 220,
224, and 228. As shown in this view, the radiation pattern
254 includes the main lobe 256 and the grating lobes 258
and 260. The radiation energy of grating lobes 258 and
260 may be reduced by the parasitic grooves 120 and
122.

[0035] Fig. 4 illustrates a top-down view of an example
waveguide 102-3 with lobe suppression, in accordance
with one or more implementations of the present disclo-
sure. The waveguide 102-3 is an example of the
waveguides 102, 102-1, and 102-2.

[0036] Inthe waveguide 102-3, the first radiating slots
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204, 208, 212, and 216 are arranged in a first row 200,
and the first row 200 may be parallel to the longitudinal
direction 128. The first radiating slots 204, 208, 212, and
216 may define respective first centroids 206, 210, 214,
and 218. In an example, centroids may be defined as a
geometric center of the respective shape or radiating slot.
Second radiating slots 220, 224, and 228 are arranged
in a second row 202, and the second row 202 may be
parallel to the longitudinal direction 128. The second ra-
diating slots 220, 224, and 228 may define respective
second centroids 222, 226, and 230. The radiating slots
204, 208, 212, 216, 220, 224, and 228 may be slots de-
fined to radiate electromagnetic waves propagated
through the pipe 104. The radiating slots 204, 208, 212,
216, 220, 224, and 228 may be various geometric
shapes. The radiating slots 204, 208, 212, 216, 220, 224,
and 228 may be defined within boundaries of the channel
246, communicating with the dielectric 114 or empty
space defined therein. The first row 200 may be inter-
leaved with the second row 202. The parasitic groove
120 may be defined on the surface 106.

[0037] In an example, the parasitic groove 120 is de-
fined in parallel with the longitudinal direction 128. As
such, the parasitic groove 120 may be in parallel with the
first row 200 and the second row 202 of radiating slots.
The parasitic groove 120 is spaced a first distance 242
from the first centroids 206, 210, 214, and 218 and
spaced a second distance 244 from the second centroids
222, 226, and 230. The parasitic groove 120 may be
spaced from the first centroids 206, 210, 214, and 218
and the second centroids 222, 226, and 230 in the lati-
tudinal direction. In an example, the parasitic groove 120
defines a length 234. The length 234 may be defined as
the longest measure between edges of the parasitic
groove 120 and may be uniform or non-uniform across
the parasitic groove 120. In the example, the length 234
is greater than a first-row length 410 (as shown in Fig.
4). The length 234 may also be greater than a second-
row length 412 (also shown in Fig. 4). In the example,
the parasitic groove 120 defines a width 236. The width
236 is defined in the latitudinal direction 126. In the ex-
ample, the width 236 is related to a width of the radiating
slots 204, 208, 212, 216, 220, 224, and 228, and the
width 236 may be uniform or non-uniform across the par-
asitic groove 120.

[0038] The pipe 104 of the waveguide 102-3 defines
another parasitic groove 400. The other parasitic groove
400 may be similarly situated with regard to the parasitic
groove 120, in parallel with the first row 200 and the sec-
ond row 202. another width 404 similar to the width 236,
and another length 402 similar to the length 234, may be
defined by the other parasitic groove 400. The length 402
and other width 404 may be uniform or non-uniform
across the other parasitic groove 400. The first centroids
206, 210, 214, and 218 may be spaced from the other
parasitic groove 400 by a third distance 406, and the
other parasitic groove 400 may be spaced a fourth dis-
tance 408 from the second centroids 222, 226, and 230.
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The other parasitic groove 400 can be spaced from the
first centroids 206, 210, 214, and 218 and the second
centroids 222, 226, and 230 in the latitudinal direction.
The first distance 242 may be less than the third distance
406, and the second distance 244 may be less than the
fourth distance 408.

[0039] Fig. 5illustrates a top-down view of an example
waveguide 102-4 with lobe suppression, in accordance
with one or more implementations of the present disclo-
sure. The waveguide 102-4 is an example of the
waveguides 102, 102-1, 102-2, and 102-4.

[0040] Inthe example, the firstradiating slots 204, 208,
212, and 216 are arranged in a first row 200, and the first
row 200 may be parallel to the longitudinal direction 128.
Thefirstradiating slots 204,208,212, and 216 may define
respective first centroids 206, 210, 214, and 218. In an
example, centroids may be defined as a geometric center
oftherespective shape orradiating slot. Second radiating
slots 220, 224, and 228 are arranged in a second row
202, and the second row 202 may be parallel to the lon-
gitudinal direction 128. The second radiating slots 220,
224, and 228 may define respective second centroids
222, 226, and 230. The radiating slots 204, 208, 212,
216,220, 224, and 228 may be radiating slots that radiate
electromagnetic waves propagated through the pipe 104.
The radiating slots 204, 208, 212, 216, 220, 224, and 228
may be various geometric shapes. The radiating slots
204, 208, 212, 216, 220, 224, and 228 may be defined
within boundaries of the channel 246, communicating
with the dielectric 114 or empty space defined therein.
The first row 200 may be interleaved with the second row
202. The parasitic groove 120 may be defined on the
surface 106.

[0041] In an example, the parasitic groove 120 is de-
fined in parallel with the longitudinal direction 128. As
such, the parasitic groove 120 may be in parallel with the
first row 200 and the second row 202. The parasitic
groove 120 is spaced a first distance 242 from the first
centroids 206, 210, 214, and 218 and spaced a second
distance 244 from the second centroids 222, 226, and
230. The parasitic groove 120 may be spaced from the
first centroids 206, 210, 214, and 218 and the second
centroids 222, 226, and 230 in the latitudinal direction.
In an example, the parasitic groove 120 defines a groove
length 234. The groove length 234 may be defined as
the longest measure between edges of the parasitic
groove 120 and may be uniform or non-uniform across
the groove 120. In the example, the length 234 is greater
than afirst-row length410 (as shownin Fig. 4). The length
234 may also be greater than a second-row length 412
(also shown in Fig. 4). In the example, the parasitic
groove 120 defines a width 236. The width 236 is defined
in the latitudinal direction 126. In the example, the width
236 is related to a width of the radiating slots 204, 208,
212, 216, 220, 224, and 228, and the width 236 may be
uniform or non-uniform across the parasitic groove 120.
[0042] Referring to Fig. 6, an example method 600 in
accordance with one or more implementations of the
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present disclosure. The method 600 is shown as a set
of blocks that specify operations and steps performed
but are not necessarily limited to the order or combina-
tions shown for performing the operations by the respec-
tive blocks. Further, any of one or more of the operations
may be repeated, combined, reorganized, omitted, or
linked to provide a wide array of additional and/or alter-
nate methods. In portions of the following discussion, ref-
erence may be made to the examples of the preceding
figures, reference to which is made for example only. The
techniques are not limited to performance by one entity
or multiple entities operating on one device.

[0043] At602, electromagnetic waves are propagated
through the waveguide 102. As an example, the trans-
ceiver 110 may output electromagnetic waves through
the coupler 108 into the channel 246.

[0044] At 604, electromagnetic waves are propagated
through the channel 246 and out of the radiating slots
118. At 606, the electromagnetic waves are suppressed
by the groove 120, groove 122, groove 400, other
grooves not specifically depicted, or any combination
thereof.

[0045] Asreferenced herein, adjectives, including first,
second, and other, are only used to provide clarity and
designation of elements. As an example, the first row 200
and the second row 202 may be interchanged and are
only used for clarity when referring to the instant figures.

CONCLUSION

[0046] While various embodiments of the disclosure
are described in the foregoing description and shown in
the drawings, it is to be understood that this disclosure
is not limited thereto but may be variously embodied to
practice within the scope of the following claims. From
the foregoing description, it will be apparent that various
changes may be made without departing from the inven-
tion as defined by the following claims.

[0047] The use of "or" and grammatically related terms
indicates non-exclusive alternatives without limitation un-
less the context clearly dictates otherwise. As used here-
in, a phrase referring to "at least one of" a list of items
refers to any combination of those items, including single
members. As an example, "at least one of a, b, or c" is
intended to cover a, b, c, a-b, a-c, b-c, and a-b-c, as well
as any combination with multiples of the same element
(e.g., a-a, a-a-a, a-a-b, a-a-c, a-b-b, a-c-c, b-b, b-b-b, b-
b-c, c-c, and c-c-c or any other ordering of a, b, and c).

Claims

1. A waveguide (102) including:
a pipe (104) containing a dielectric (114), the
pipe (104) defining an open end (112) to a lon-

gitudinal direction (128) through the pipe (104);
an array of radiating slots (118) through a sur-
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face (106) of the pipe (104) and in communica-
tion with the dielectric (114); and
at least one parasitic groove (120, 122):

separate from the pipe (104);

in a same surface (106) as the array of ra-
diating slots (118);

with at least a portion that is parallel to the
array of radiating slots (118);

outside an area of the surface (106) corre-
sponding to the pipe (104); and

spaced a first distance (242) from the array
of radiating slots (118) such that the at least
one parasitic groove is configured to sup-
press the grating lobes of the radiation pat-
tern of the array of radiating slots.

The waveguide (102) of any of the preceding claims,
wherein the at least one parasitic groove (120, 122)
has a depth less than a depth of the pipe (104).

The waveguide (102) of any of the preceding claims,
wherein the at least one parasitic groove (120, 122)
has a depth that is uniform.

The waveguide (102) of any of the preceding claims,
wherein the at least one parasitic groove (120, 122)
has a uniform width.

The waveguide (102) of any of the preceding claims,
wherein the pipe (104) has a closed end opposite
the open end (112).

The waveguide (102) of any of the preceding claims,
wherein the at least one parasitic groove (120, 122)
has a length that extends along an entire length of
the array of radiating slots (118).

The waveguide (102) of claim 6,

wherein the length of the atleast one parasitic groove
extends beyond the entire length of the array of ra-
diating slots (118).

The waveguide (102) of any of the preceding claims,
further comprising:

another parasitic groove that is separate from the
pipe (104) and parallel to the at least one parasitic
groove (120, 122) and the array of radiating slots
(118).

The waveguide (102) of claim 8,

wherein the other parasitic groove is on a first side
of the array of radiating slots (118) and the at least
one parasitic groove is on an opposite side of the
array of radiating slots (118).

The waveguide (102) of any of the preceding claims,
wherein the longitudinal direction (128) is parallel to
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a propagation direction associated with the
waveguide (102).

11. A system comprising:

the waveguide (102) of any of claims 1-10; and
a radar system for transceiving the electromag-
netic waves detected using the waveguide (102)
of any of claims 1-10.

12. The system of claim 11, wherein the system is con-
figured to be comprised by an automobile.

Patentanspriiche
1. Wellenleiter (102), der umfasst:

ein Rohr (104), das ein Dielektrikum (114) ent-
halt, wobei das Rohr (104) ein offenes Ende
(112) in einer Langsrichtung (128) durch das
Rohr (104) definiert;

eine Anordnung von Strahlungsschlitzen (118)
durch eine Oberflache (106) des Rohrs (104)
hindurch und in Verbindung mit dem Dielektri-
kum (114); und

mindestens eine parasitare Rille (120, 122):

getrennt von dem Rohr (104);

in derselben Oberflache (106) wie die An-
ordnung von Strahlungsschlitzen (118);
mit mindestens einem Abschnitt, der paral-
lel zu der Anordnung von Strahlungsschlit-
zen (118) ist;

auRerhalb eines Bereichs der Oberflache
(106), der dem Rohr (104) entspricht; und
einen ersten Abstand (242) von der Anord-
nung von Strahlungsschlitzen (118) ent-
fernt, so dass die mindestens eine parasi-
tare Rille so konfiguriert ist, dass sie die Git-
terkeulen des Strahlungsmusters der An-
ordnung von Strahlungsschlitzen unter-
druckt.

2. Wellenleiter (102) nach einem der vorhergehenden
Anspriiche,
wobei die mindestens eine parasitare Rille (120,
122) eine Tiefe aufweist, die geringer ist als eine
Tiefe des Rohrs (104).

3. Wellenleiter (102) nach einem der vorhergehenden
Anspriiche,
wobei die mindestens eine parasitare Rille (120,
122) eine Tiefe aufweist, die gleichmaRig ist.

4. Wellenleiter (102) nach einem der vorhergehenden
Anspriiche,
wobei die mindestens eine parasitare Rille (120,
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122) eine gleichmaRige Breite aufweist.

Wellenleiter (102) nach einem der vorhergehenden
Anspriiche,

wobei das Rohr (104) ein geschlossenes Ende ge-
geniber dem offenen Ende (112) aufweist.

Wellenleiter (102) nach einem der vorhergehenden
Anspriiche,

wobei die mindestens eine parasitare Rille (120,
122) eine Lange aufweist, die sich Uber eine gesam-
te Lange der Anordnung von Strahlungsschlitzen
(118) erstreckt.

Wellenleiter (102) nach Anspruch 6,

wobei sich die Lange der mindestens einen parasi-
taren Rille Uber die gesamte Léange der Anordnung
von Strahlungsschlitzen (118) hinaus erstreckt.

Wellenleiter (102) nach einem der vorangehenden
Anspriche, der ferner umfasst:

eine weitere parasitare Rille, die von dem Rohr (104)
getrenntist und parallel zu der mindestens einen pa-
rasitaren Rille (120, 122) und der Anordnung von
Strahlungsschlitzen (118) verlauft.

Wellenleiter (102) nach Anspruch 8,

wobei sich die andere parasitare Rille auf einer ers-
ten Seite der Anordnung von Strahlungsschlitzen
(118) befindet und sich die mindestens eine parasi-
tare Rille auf einer gegeniberliegenden Seite der
Anordnung von Strahlungsschlitzen (118) befindet.

Wellenleiter (102) nach einem der vorhergehenden
Anspriiche,

wobei die Langsrichtung (128) parallel zu einer mit
dem Wellenleiter (102) verbundenen Ausbreitungs-
richtung verlauft.

System, bestehend aus:

dem Wellenleiter (102) nach einem der Ansprii-
che 1-10; und

einem Radarsystem zum Senden und Empfan-
gen der elektromagnetischen Wellen, die unter
Verwendung des Wellenleiters (102) nach ei-
nem der Anspriiche 1-10 erfasst werden.

System nach Anspruch 11, wobei das System so
konfiguriert ist, dass es in einem Kraftfahrzeug ent-
halten ist.

Revendications

1.

Guide d’ondes (102) incluant :

un tube (104) contenant un diélectrique (114),
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le tube (104) définissant une extrémité ouverte
(112) vers une direction longitudinale (128) a
travers le tube (104) ;

unréseau de fentes rayonnantes (118) atravers
une surface (106) du tube (104) et en commu-
nication avec le diélectrique (114) ; et

au moins une rainure parasite (120, 122) :

séparée du tube (104) ;

dansune méme surface (106) que leréseau
de fentes rayonnantes (118) ;

ayant au moins une partie qui est paralléle
au réseau de fentes rayonnantes (118) ;
en dehors d’'une zone de la surface (106)
correspondant au tube (104) ; et

espacée d’une premiere distance (242) du
réseau de fentes rayonnantes (118) de sor-
te que ladite au moins une rainure parasite
est configurée pour supprimer les lobes se-
condaires du diagramme de rayonnement
du réseau de fentes rayonnantes.

Guide d’'ondes (102) selon I'une quelconque des re-
vendications précédentes,

dans lequel ladite au moins une rainure parasite
(120, 122) a une profondeur inférieure a une profon-
deur du tube (104).

Guide d’'ondes (102) selon I'une quelconque des re-
vendications précédentes,

dans lequel ladite au moins une rainure parasite
(120, 122) a une profondeur uniforme.

Guide d’'ondes (102) selon I'une quelconque des re-
vendications précédentes,

dans lequel ladite au moins une rainure parasite
(120, 122) a une largeur uniforme.

Guide d’'ondes (102) selon I'une quelconque des re-
vendications précédentes,

dans lequel le tube (104) a une extrémité fermée
opposée a I'extrémité ouverte (112).

Guide d’'ondes (102) selon I'une quelconque des re-
vendications précédentes,

dans lequel ladite au moins une rainure parasite
(120, 122) a une longueur qui s’étend sur lalongueur
totale du réseau de fentes rayonnantes (118).

Guide d’ondes (102) selon la revendication 6,
dans lequel la longueur de ladite au moins une rai-
nure parasite s'étend au-dela de la longueur totale
du réseau de fentes rayonnantes (118).

Guide d’'ondes (102) selon I'une quelconque des re-
vendications précédentes, comprenant en outre :

une autre rainure parasite qui est séparée du tube
(104) et paralléle a ladite au moins une rainure pa-
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rasite (120, 122) et au réseau de fentes rayonnantes
(118).

9. Guide d’ondes (102) selon la revendication 8,
dans lequel 'autre rainure parasite se trouve sur un
premier c6té du réseau de fentes rayonnantes (118)
et ladite au moins une rainure parasite se trouve sur
un co6té opposé du réseau de fentes rayonnantes
(118).

10. Guide d’ondes (102) selon I'une quelconque des re-
vendications précédentes,
dans lequel la direction longitudinale (128) est pa-
rallele a une direction de propagation associée au
guide d’ondes (102).

11. Systéme comprenant :

le guide d’ondes (102) selon l'une quelconque
des revendications 1 2 10 ; et

un systéme radar pour émettre et recevoir les
ondes électromagnétiques détectées al'aide du
guide d’ondes (102) selon 'une quelconque des
revendications 1 a 10.

12. Systéeme selon la revendication 11, dans lequel le
systéme est configuré pour étre intégré a une auto-
mobile.
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